per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 4 : 
A61B 17/36, A61F 9/00 
A61C 1/00, B23K 26/00 
H01S 3/00, A61B 1/06 



A3 



(11) International Publication Number: WO 89/ 06519 

(43) International Publication Date: 27 July 1 989 (27.07.89) 



(21) International Application Number : PCT/US89/00 1 56 

(22) International Filing Date: 19 January 1989 (19.01.89) 

(31) Priority Application Number: 148,425 

(32) Priority Date: 25 January 1988 (25.01 .88) 

(33) Priority Country: US 



(71) Applicant: REFRACTIVE LASER RESEARCH & DE- 

VELOPMENT PROGRAM, LTD. [US/US]; 7810 Lo- 
uis Pasteur, San Antonio, TX 78229 (US). 

(72) Inventors: TABOADA, John ; 12530 Elm Country, San 

Antonio, TX 78230 (US). POIRIER, Robert, H. ; 3458 
River Path, San Antonio, TX 78229 (US). 



(74) Agent: LAVINE, Irvin, A.; Mason, Fenwick & Law- 
rence, 1225 Eye Street, N.W., Suite 1000, Washing- 
ton, DC 20005 (US). 



(81) Designated States: AT (European patent), BE (Euro- 
pean patent), CH (European patent), DE (European 
patent), FR (European patent), GB (European pa- 
tent), IT (European patent), JP, LU (European pa- 
tent), NL (European patent), SE (European patent). 



Published 

With international search report 
With amended claims. 



(88) Date of publication of tbe international search report: 

16 November 1989 (16.11.89) 

Date of publication of tbe amended claims: 

25 January 1990 (25.01.90) 



(54) Title: METHOD AND APPARATUS FOR LASER SURGERY 



(57) Abstract 

Apparatus and method for laser surgery in which laser energy, pulsed 
or continuous, is focussed to a focus spot (FS) of a few microns which is lo- 
cated within tissue, or the like to cause highly localized heating. The pulsed 
radiation is in the TEM(oo) mode, has a wavelength of approximately 1064 
nanometers, the pulses being not in excess of 100 nanoseconds and the pulse 
rate being approximately 2000 per second. Where the laser beam is continu- 
ous or pulsed, it has a wavelength of approximately 1400 to 1800 nanome- 
ters, or in photoablative modes, having a wavelength of 190 to about 300 na- 
nometers. The focus spot (FS) may be caused to move relative to the axis of a 
handpiece (40) which delivers the laser energy to the body. Handpieces (20, 
40) are provided in which laser energy is focussed to a focus spot (FS) of ten 
to thirty microns, and liquid is caused to flow across the exposure site to re- 
move debris, a handpiece having a tubular terminal portion into which liquid 
is introduced, the distal end (54) of the handpiece having transverse channels 
(56) for the escape of liquid. A handpiece of the foregoing construction may 
have an endoscope including a glass contact tip (65) at its distal end and to 
receive light and to acquire an image of the exposure site. Probes for eye 
surgery include a quartz rod (82) in a sheath (84), the quartz rod (82) having a 
beveled distal end surface (83) through which the laser radiation is emitted. 
Probe has infusion (86) and aspiration (88) passages, the ends of which are 
coplanar with the beveled end surface (83) of the quartz rod (82). 
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AMENDED CLAIMS 
[received by the International Bureau on 26 December 1989 (26.12.89); 
original claims 28,41 cancelled; claims 1,2,14-16,21,22.23-27,30-38, 40,42,45,47-49. 
55-57,62-65, 67 amended ; new claims 68-71 added; other claims unchanged (1 1 pages)! 



1. Apparatus for delivering laser energy 
comprising: 

means for generating a laser beam, 

a handpiece for receiving said laser beam having 
proximal and distal ends, 

means in said handpiece for focussing said beam to 
a focus spot outwardly of said handpiece, having a 
diameter of a few microns and positioned a 
predetermined distance from said focussing means, 
# whereby to effect modification of a site within a body 
through a portion of which said beam has passed. 

2. The apparatus of claim 1, wherein said 
focussing means comprises means for focussing said 
focus spot approximately 0.5 - 0.5 millimeter from said 
focussing means. 

3. The apparatus of claim 1, said laser beam 
generating means comprising means for generating a 
laser beam having a wavelength of approximately 1.0 to 
2.0 microns. 



4. The apparatus of claim l, said generating 
means comprises means for generating a laser beam of 
TEM(oo) radiation. 



5. The apparatus of claim 1, said generating 
means comprising means for generating a laser beam 
having a wavelength of approximately 1064 nanometer. 

6. The apparatus of claim 5, said generating 
means generating a pulsed laser beam. 
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7. The apparatus of claim 6, said generating means 
comprising means for providing pulses having a duration 
of not substantially in excess of about 70 
nanoseconds . 

8. The apparatus of claim 7, said generating means 
comprising means for delivering said pulses at a rate 
of approximately 2,000 per second. 

9. The apparatus of claim 1, said generating means 
comprising means for generating TEM(oo) radiation at 
approximately 1064 nanometer wavelength in pulses of 
not in excess of about 70 nanoseconds at a pulse rate 
of approximately 2000 per second. 

10. The apparatus of claim 1, said generating 
means comprising means for generating a continuous 
laser beam. 

11. The apparatus of claim 1, wherein said 
generating means comprises means for generating a 
continuous laser beam having a wavelength of 
approximately 1,400 to 1,800 nanometer. 

12. The apparatus of- claim 1, said means for 
generating a laser beam comprising excimer laser means 
for generating a photoablative laser beam having a 
wavelength of approximately 193-300 nanometers. 

13 » The apparatus of claim 1, said means for 

generating a laser beam comprising YAG laser means for 

generating pulsed radiation,, and means for reducing the 
wavelength of the generated radiation. 
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14. The apparatus of claim 13, said wavelength 
reducing means comprising means for doubling said 
radiation. 

15. The apparatus of claim 13, said wavelength 
reducing means comprising a crystal through which said 
radiation is passed. 

16 ♦ The apparatus of claim 13, said wavelength 

reducing means comprising a second harmonic crystal and 

a fourth harmonic crystal positioned to successively 

receive radiation from said YAG laser. 

17. The apparatus of claim 16, said second 
harmonic crystal being potassium titanium phosphate. 

18. The apparatus of claim 17, said fourth 
harmonic crystal being beta barium borate. 

19. The apparatus of claim 16, said fourth 
harmonic crystal being beta barium borate. 

20. The apparatus of claim 1, said focussing means 
comprising a plano-convex lens. 

21. The apparatus of claim 20, wherein said plano- 
convex lens is a sapphire lens in the distal end of 
said handpiece and the piano surface thereof being an 
exterior lens surface which is engageable with a body 
containing the locus of said focus spot. 

22. The apparatus of claim 1, and further 
comprising means for moving said focus spot relative to 
the axis of said handpiece. 
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23. The apparatus of claim 22 , said moving means 
comprising an optical wedge, and means for imparting 
rotational motion to said optical wedge, 

24. The apparatus of claim 22 , said moving means 
comprising an optical wedge and means for imparting 
oscillatory motion to said optical wedge. 

25. Apparatus for performing laser surgery 
comprising: 

a handpiece having proximal and distal ends, 
means for introducing a laser beam into said 
proximal end, 

means in said handpiece for focussing said beam to 
a focus spot including an objective lens at said distal 
end, 

said handpiece having a tubular terminal portion, 
with an open distal end, said terminal portion 
extending beyond the distal end of said handpiece and 
coaxially with said objective lens for engaging a body, 
said objective lens being spaced from the distal end of 
said terminal portion, and 

means for causing a flow of liquid through the 
tubular terminal portion and out of the distal end 
thereof, 

whereby said objective lens is spaced a 
predetermined distance from said body and said laser 
beam passes through the liquid in said tubular terminal 
portion. 

26. The apparatus of claim 25, wherein said distal 
end of said handpiece has a distal end surface for 
engagement with a body, said distal end surface having 
lateral escape channels therein. 

27. The apparatus of claim 26, wherein said 
tubular terminal portion narrows towards said distal 
end. 
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29. The apparatus of claim 25, said generating 
means comprising means for generating ablative laser 
radiation, said apparatus further comprising means for 
delivering light to a body adjacent said handpiece, and 
means for acquiring an image of said body. 

30. The apparatus of claim 29, said light 
delivering and image acquiring means comprising a 
transparent element at the distal end of said 
handpiece having distal end surface means for engaging 
a surface of said body. 

31. The apparatus of claim 30, said handpiece 
having a longitudinal axis, said element having an 
internal reflective surface inclined relative to said 
longitudinal axis for reflecting light delivered to 
said element and for reflecting an image of said body. 

32. The apparatus of claim 31, said light 
delivering means comprising optical fiber means for 
delivering light to said element, said optical fiber 
means having an end adjacent said element with the axis 
thereof laterally of said longitudinal axis. 

33. The apparatus of claim 31, said image 
acquiring means comprising optical fiber means for 
receiving and transmitting an image of said body, said 
optical fiber means having an end adjacent said element 
with the axis thereof laterally of said longitudinal 
axis. 



34. The apparatus of claim 30, said element being 
of substantially inelastic material and having a fluid 
passage therethrough extending transversely of said 
distal end surface, said handpiece comprising a tubular 
terminal portion with a distal end having said element 
thereon, means for introducing liquid into said tubular 
terminal portion remote from said element, said fluid 
passage in said element being in fluid communication 
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with the interior of said tubular terminal portion. 

35. The apparatus of claim 34, wherein said 
passage of said element is a linearly extending passage 
substantially coaxial with the axis of said tubular 
terminal portion. 

36. The apparatus of claim 34, said element having 
a distal surface and lateral channels in the distal 
surface thereof in communication with said passage. 

37* Apparatus for delivery laser energy 
comprising: 

a probe comprising a substantially cylindrical 
quartz rod having proximal and distal ends, 

said quartz rod at the distal end thereof having a 
beveled end surface for emitting radiation, and 

means for delivering a divergent beam of laser 
radiation to said proximal end of said quartz rod and 
for causing radiation to be conveyed through said rod 
by internal reflection, 

whereby the radiation emitted from said quartz rod 
is sharply defined beyond said bevelled end surface. 

38. The apparatus of claim 37, and further 
comprising: 

means for causing fluid to flow across said beveled 
end surface of said rod comprising: 

(a) means for discharging fluid from said 
probe at the distal end thereof, and 

(b) means for aspirating fluid into the 
distal end of said probe. 

39. The apparatus of claim 38, said means for 
discharging fluid from said probe comprising a 
discharge port which is beveled and lies in the same 
plane as the beveled end surface of said quartz rod. 
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40. The apparatus of claim 39, wherein said 
aspirating means includes an aspiration port which has 
a beveled end portion which lies in the same plane as 
the beveled end surface of said quartz rod, and 

wherein said beveled end surface of said rod is 
between said ports. 

42. The apparatus of claim 38, said probe 
comprising a tube, said quartz rod being in said tube, 
said fluid discharging means and said fluid aspirating 
means comprising passages in said tube adjacent said 
quartz rod, said quartz rod being between said 
passages . 

43. The apparatus of claim 40, said tube being of 
silicon rubber. 

44. The apparatus of claim 38, said tube being 
elliptical. 

45. The apparatus of claim 38, said tube having 
said quartz rod centrally located therein. 

46. The apparatus of claim 38, said tube having 
said quartz rod centrally located therein. 

47. The apparatus of claim 39, said discharging 
means comprising a discharge tube. 

48. A method of surgically cutting or modifying 
only tissue which is located at a short, predetermined 
distance from the surface thereof comprising: 

providing a handpiece having a distal end with a 
lens at the distal end thereof, 

placing against the surface of said tissue the lens 
of the distal end of said handpiece, 

generating a laser beam, 

passing said laser beam through said handpiece 
toward and through said and lens at said distal end and 
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thence into said tissue with said lens thereagainst, 
and 

cutting or modifying only said tissue at a distance 
from said surface by focussing said laser beam to a 
focus spot 

( a ) having a diameter of a few microns and 

(b) located a short distance Into said tissue 
from the surface thereof. 

49. The method of claim 48, wherein said 
generating is of a laser beam having a wavelength of 
about 2.0-2.0 microns * 

50. The method of claim 49, wherein said 
generating Is of pulses of laser radiation. 

51. The method of claim 50, wherein said generated 
pulses having a duration of not substantially in excess 
of about 70 nanoseconds. 

52. The method of claim 50, wherein said pulses 
are delivered at a rate of approximately 2,000 per 
second . 

53. The method of claim 50, wherein said 
generating is of a laser beam having a wavelength of 
approximately 1064 nanometers. 

54. The method of claim 50, wherein said 
generating is of a laser beam of TEM(oo) mode. 

55. The method of claim 48, wherein said 
generating is of a laser beam of TEM(oo) mode. 

56. The method of claim 48, wherein said 
generating is of pulses of a laser beam in the TEM(oo) 
mode, the laser beam having a wavelength of 0.2 to 2.0 
microns, and the pulses having a duration of not 
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substantially in excess of 
are delivered at a rate 
second. 



about 70 nanoseconds and 
of approximately 2000 per 



57. The method of claim 48, and further comprising 
moving said focus spot in said tissue. 

58. The method of claim 57, wherein said moving is 
movement in an arcuate path. 

59. The method of claim 59, wherein said movement 
is oscillatory movement. 

60. The method of claim 51, wherein said 
generating is of a continuous laser beam. 

61. The method of claim 48, wherein said 
generating is of a laser beam having a wavelength of 
approximately 1400 to 1800 nanometer. 

62. A method of surgically cutting or modifying 
tissue comprising; 

generating a laser beam of photoablative property, 

and 

directing said beam into and partly through tissue 
and focussing said beam to a focus spot having a 
diameter of a few microns at an exposure site in said 
tissue a predetermined distance from the surface 
thereof. 

63. A method of surgically cutting or modifying a 
body having a surface with an exposure site comprising: 

generating a laser beam of photoablative property, 
directing said laser beam into a handpiece having 

therein focussing means with an objective lens for 

forming a focus spot, 

placing said lens a predetermined distance from 

said exposure site of said body such that said focus 

spot is at a predetermined position relative to said 



WO 89/06519 



39 



PCT/US89/00156 



exposure site, and 

causing a stream of liquid to move across said 
exposure site. 

64. The method of claim 63, providing a body of 
liquid between said objective lens and said exposure 
site, and passing said beam through said body of 
liquid. 

65. The method of claim 64, and further 
comprising causing said body of liquid to flow towards 
said exposure site. 

66. The method of claim 62, and further 
comprising directing light to said exposure site, and 
acquiring an image of said site at a location remote 
therefrom. 

67. A method of treatment of the human body 
comprising: 

generating a beam of laser radiation, 

conducting said beam through a laser radiation 
transmitting rod having a distal end, 

causing said beam to be internally reflected in 
said rod and to pass out of the distal end thereof, 

focussing said beam at a location beyond the distal 
end of said rod r and 

causing fluid to flow across said distal end of 
said rod. 

68. The method of claim 46, wherein said placing 
against the surface of tissue is placing agianst the 
epithelium of a cornea, and said focussing of said 
laser beamis in the intrastromal layer, whereby to 
cause localized heationg of stromal fibers. 

69. The method of claim 67, wherein said 
focussing of said laser beam is into the intrastromal 
layer of a cornea. 
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70. A method of modifying the stroma 
comprising: 

generating a laser beam of photoablative property, 

directing said laser beam into a cornea, and 
through a portion of the thickness thereof, and 

focussing said laser beam to a focus spot having a 
diameter of a few microns, said focus spot being 
located in the intrastromal layer, 

whereby only the intrastromal layer is modified by 
said laser beam. 



71. A method of modifying the stroma comprising: 
generating a laser beamof photoablative property, 
focussing said laser beam to a focus spot having a 

diamter of a few microns, said focus spot being lcoated 

in the intrastormal layer. 
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1. Apparatus for delivering laser energy 
comprising: 

means for generating a laser beam, 

a handpiece for receiving said laser beam having 
proximal and distal ends, 

means in said handpiece for focussing said beam to 
a focus spot outwardly of said handpiece, having a 
diameter of a few microns and positioned a 
predetermined distance from said focussing means, 
whereby to effect modification of a site within a body 
through a portion of which said beam has passed. 

2. The apparatus of claim X, wherein said 
focussing means comprises means for focussing said 
focus spot approximately 0.5 - 0.5 millimeter from said 
focussing means. 

3. The apparatus of claim 1, said laser beam 
generating means comprising means for generating a 
laser beam having a wavelength of approximately 1.0 to 
2.0 microns. 



4. The apparatus of claim 1, said generating 
means comprises means for generating a laser beam of 
TEM(oo) radiation. 



5. The apparatus of claim 1, said generating 
means comprising means for generating a laser beam 
having a wavelength of approximately 1064 nanometer. 

6. The apparatus of claim 5, said generating 
means generating a pulsed laser beam. 
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7. The apparatus of claim 6, said generating means 
comprising means for providing pulses having a duration 
of not substantially in excess of about 70 
nanoseconds . 

8. The apparatus of claim 7, said generating means 
comprising means for delivering said pulses at a rate 
of approximately 2,000 per second. 

9. The apparatus of claim 1, said generating means 
comprising means for generating TEM(oo) radiation at 
approximately 1064 nanometer wavelength in pulses of 
not in excess of about 70 nanoseconds at a pulse rate 
of approximately 2000 per second. 

10. The apparatus of claim 1, said generating 
means comprising means for generating a continuous 
laser beam. 

11. The apparatus of claim 1, wherein said 
generating means comprises means for generating a 
continuous laser beam having a wavelength of 
approximately 1,400 to 1,800 nanometer. 

12. The apparatus of claim 1, said means for 
generating a laser beam comprising excimer laser means 
for generating a photoablative laser beam having a 
wavelength of approximately 193-300 nanometers. 

13. The apparatus of claim 1, said means for 
generating a laser beam comprising YAG laser means for 
generating pulsed radiation, and means for reducing the 
wavelength, of the generated radiation. 
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14 . The apparatus of claim 13, said wavelength 
reducing means comprising means for doubling said 
radiation. 

15. The apparatus of claim 13, said wavelength 
reducing means comprising a crystal through which said 
radiation is passed. 

15. The apparatus of claim 13, said wavelength 
reducing means comprising a second harmonic crystal and 
a fourth harmonic crystal positioned to successively 
receive radiation from said YAG laser. 

17. The apparatus of claim 16, said second 
harmonic crystal being potassium titanium phosphate. 

18. The apparatus of claim 17, said fourth 
harmonic crystal being beta barium borate. 

19. The apparatus of claim 16, said fourth 
harmonic crystal being beta barium borate. 

20. The apparatus of claim 1, said focussing means 
comprising a plano-convex lens. 

21. The apparatus of claim 20, wherein said plano- 
convex lens is a sapphire lens in the distal end of 
said handpiece and the piano surface thereof being an 
exterior lens surface which is engageable with a body 
containing the locus of said focus spot. 

22. The apparatus of claim 1, and further 
comprising means for moving said focus spot relative to 
the axis of said handpiece. 
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23. The apparatus of claim 22, said moving means 
comprising an optical wedge, and means for imparting 
rotational motion to said optical wedge. 

24. The apparatus of claim 22, said moving means 
comprising an optical wedge and means for imparting 
oscillatory motion to said optical wedge. 

25. Apparatus for performing laser surgery 
comprising: 

a handpiece having proximal and distal ends, 
means for introducing a laser beam into said 
proximal end, 

means in said handpiece for focussing said beam to 
a focus spot including an objective lens at said distal 
end, 

said handpiece having a tubular terminal portion, 
with an open distal end, said terminal portion 
extending beyond the distal end of said handpiece and 
coaxially with said objective lens for engaging a body, 
said objective lens being spaced from the distal end of 
said terminal portion, and 

means for causing a flow of liquid through the 
tubular terminal portion and out of the distal end 
thereof, 

whereby said objective lens is spaced a 
predetermined distance from said body and said laser 
beam passes through the liquid in said tubular terminal 
portion. 

26. The apparatus of claim 25, wherein said distal 
end of said handpiece has a distal end surface for 
engagement with a body, said distal end surface having 
lateral escape channels therein, 

27. The apparatus of claim 26, wherein said 
tubular terminal portion narrows towards said distal 
end. 
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29. The apparatus of claim 25, said generating 
means comprising means for generating ablative laser 
radiation, said apparatus further comprising means for 
delivering light to a body adjacent said handpiece, and 
means for acquiring an image of said body. 

30. The apparatus of claim 29, said light 
delivering and image acquiring means comprising a 
transparent element at the distal end of said 
handpiece having distal end surface means for engaging 
a surface of said body. 

31. The apparatus of claim 30, said handpiece 
having a longitudinal axis, said element having an 
internal reflective surface inclined relative to said • 
longitudinal axis for reflecting light delivered to 
said element and for reflecting an image of said body. 

32. The apparatus of claim 31, said light 
delivering means comprising optical fiber means for 
delivering light to said element, said optical fiber 
means having an end adjacent said element with the axis 
thereof laterally of said longitudinal axis. 

33. The apparatus of claim 31, said image 
acquiring means comprising optical fiber means for 
receiving and transmitting an image of said body, said 
optical fiber means having an end adjacent said element 
with the axis thereof laterally of said longitudinal 
axis. 

34. The apparatus of claim 30, said element being 
of substantially inelastic material and having a fluid 
passage therethrough extending transversely of said 
distal end surface, said handpiece comprising a tubular 
terminal portion with a distal end having said element 
thereon, means for introducing liquid into said tubular 
terminal portion remote from said element, said fluid 
passage in said element being in fluid communication 
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with the interior of said tubular terminal portion. 

35. The apparatus of. claim 34, wherein said 
passage of said element is a linearly extending passage 
substantially coaxial with the axis of said tubular 
terminal portion. 

36. The apparatus of claim 34, said element having 
a distal surface and lateral channels in the distal 
surface thereof in communication with said passage, 

37. Apparatus for delivery laser energy 
comprising: 

a probe comprising a substantially cylindrical 
quartz rod having proximal and distal ends, 

said quartz rod at the distal end thereof having a 
beveled end surface for emitting radiation, and 

means for delivering a divergent beam of laser 
radiation to said proximal end of said quartz rod and 
for causing radiation to be conveyed through said rod 
by internal reflection, 

whereby the radiation emitted from said quartz rod 
is sharply defined beyond said bevelled end surface. 

38. The apparatus of claim 37, and further 
comprising: 

means for causing fluid to flow across said beveled 
end surface of said rod comprising: 

(a) means for discharging fluid from said 
probe at the distal end thereof, and 

(b) means for aspirating fluid into the 
distal end of said probe. 

39. The apparatus of claim 38, said means for 
discharging fluid from said probe comprising a 
discharge port which is beveled and lies in the same 
plane as the beveled end surface of said quartz rod. 
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40. The apparatus of claim 39 , wherein said 
aspirating means includes an aspiration port which has 
a beveled end portion which, lies in the same plane as 
the beveled end surface of said quartz rod, and 

wherein said beveled end surface of said rod is 
between said ports* 

42. The apparatus of claim 38, said probe 
comprising a tube, said quartz rod being in said tube, 
said fluid discharging means and said fluid aspirating 
means comprising passages in said tube adjacent said 
quartz rod, said quartz rod being between said 
passages. 

43. The apparatus of claim 40, said tube being of 
silicon rubber. 

44. The apparatus of claim 38, said tube being 
elliptical . 

45. The apparatus of claim 38, said tube having 
said quartz rod centrally located therein. 

46. The apparatus of claim 38, said tube having 
said quartz rod centrally located therein. 

47. The apparatus of claim 39, said discharging 
means comprising a discharge tube. 

48. A method of surgically cutting or modifying 
only tissue which is located at a short, predetermined 
distance from the surface thereof comprising: 

providing a handpiece having a distal end with a 
lens at the distal end thereof, 

placing against the surface of said tissue the lens 
of the distal end of said handpiece, 

generating a laser beam, 

passing said laser beam through said handpiece 
toward and through said and lens at said distal end and 
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thence into said tissue with said lens thereagainst, 
and 

cutting or modifying only said tissue at a distance 
from said surface by focussing said laser beam to a 
focus spot 

(a) having a diameter of a few microns and 

(b) located a short distance into said tissue 
from the surface thereof. 

49. The method of claim 48, wherein said 
generating is of a laser beam having a wavelength of 
about 2.0-2.0 microns. 



50. The method of claim 49, wherein said 
generating is of pulses of laser radiation. 

51. The method of claim 50, wherein said generated 
pulses having a duration of not substantially in excess 
of about 70 nanoseconds. 



52. The method of claim 50, wherein said pulses 
are delivered at a rate of approximately 2,000 per 
second . 



53. The method of claim 50, wherein said 
generating is of a laser beam having a wavelength of 
approximately 1064 nanometers. 

54. The method of claim 50, wherein said 
generating is of a laser beam of TEM(oo) mode. 

55. The method of claim 48, wherein said 
generating is of a laser beam of TEM(oo) mode. 

56. The method of claim 48, wherein said 
generating is of pulses of a laser beam in the TEM(oo) 
mode, the laser beam having a wavelength of 0.2 to 2.0 
microns, and the pulses having a duration of not 
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substantially in excess of about 70 nanoseconds and 
are delivered at a rate of approximately 2000 per 
second. 

57. The method of claim 48 , and further comprising 
moving said focus spot in said tissue. 

58. The method of claim 57, wherein said moving is 
movement in an arcuate path. 

59. The method of claim 59, wherein said movement 
is oscillatory movement. 

60. The method of claim 51, wherein said 
generating is of a continuous laser beam. 

61. The method of claim 48, wherein said 
generating is of a laser beam having a wavelength of 
approximately 1400 to 1800 nanometer. 

62. A method of surgically cutting or modifying 
tissue comprising; 

generating a laser beam of photoablative property, 

and 

directing said beam into and partly through tissue 
and focussing said beam to a focus spot having a 
diameter of a few microns at an exposure site in said 
tissue a predetermined distance from the surface 
thereof. 

63. A method of surgically cutting or modifying a 
body having a surface with an exposure site comprising: 

generating a laser beam of photoablative property, 
directing said laser beam into a handpiece having 

therein focussing means with an objective lens for 

forming a focus spot, 

placing said lens a predetermined distance from 

said exposure site of said body such that said focus 

spot is at a predetermined position relative to said 
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exposure site, and 

causing a stream of liquid to move across said 
exposure site. 



64. The method of claim 63, providing a body of 
liquid between said objective lens and said exposure 
site, and passing said beam through said body of 
liquid. 



65. The method of claim 64, and further 
comprising causing said body of liquid to flow towards 
said exposure site. 

66. The method of claim 62, and further 
comprising directing light to said exposure site, and 
acquiring an image of said site at a location remote 
therefrom . 



67. A method of treatment of the human body 
comprising: 

generating a beam of laser radiation, 

conducting said beam through a laser radiation 
transmitting rod having a distal end, 

causing said beam to be internally reflected in 
said rod and to pass out of the distal end thereof, 

focussing said beam at a location beyond the distal 
end of said rod, and 

causing fluid to flow across said distal end of 
said rod. 



68. The method of claim 46, wherein said placing 
against the surface of tissue is placing agianst the 
epithelium of a cornea, and said focussing of said 
laser beamis in the intrastromal layer, whereby to 
cause localized heationg of stromal fibers. 

69. The method of claim 67, wherein said 
focussing of said laser beam is into the intrastromal 
layer of a cornea. 
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70. A method of modifying the stroma 
comprising: 

generating a laser beam of photoablative property, 

directing said laser beam into a cornea, and 
through a portion of the thickness thereof, and 

focussing said laser beam to a focus spot having a 
diameter of a few microns, said focus spot being 
located in the intrastroraal layer, 

whereby only the intrastroraal layer is modified by 
said laser beam. 

71. A method of modifying the stroma comprising: 
generating a laser beamof photoablative property, 
focussing said laser beam to a focus spot having a 

diamter of a few microns, said focus spot being lcoated 

in the intrastormal layer. 



